Our Renal Care Center (RCC) is a separate building, performing almost 2500 outpatient dialysis runs per month. In May 2007, 2 patients developed, days apart, bacteremia with an apparently identical nonfermentative Gram-negative rod. Because of difficulty identifying the organism, testing in the Biolog system identified them as a Halomonas species. Sequencing of È1500 bases of the 16S rRNA gene in both organisms in 3 reference laboratories confirmed, searching against 3 databases, that the organisms were identical and were Halomonas species. There were 54 recognized species of this genus, associated with marine or saline sites. Initial attempts at environmental isolation as primary cultures, including a 4% salt agar plate, or initial incubation in 6.5% salt broth enrichment culture with subculture to agar, to exploit the halophilicity of Halomonas, were successful in demonstrating the colonies seen in the blood cultures, only from sites not contaminated with other organisms, because of competing growth. A more selective method was developed for use on samples suspected to be heavily contaminated with other organisms, using the strategy of increased salt concentration in a broth enrichment culture to further exploit Halomonas halotolerance, and thereby inhibit other organisms. A 16.5% salt concentration in brain-heart infusion broth, incubated at 35-C for 48Y72 hours, then subcultured to agar plates incubated in room air at 35-C, proved optimal for selection and secondary isolation. With a combination of these techniques, 14/15 cultures of dialysates and 10/38 from the outflow pathways of the machines were Halomonas positive, compared to 0/31 cultures from the inflow side of the machines (including water supplies and storing, mixing, and preparation tanks). The exception was sites associated with or downstream of bicarbonate influx, 12/54 of which were positive. Two other local hospitals_ dialysis centers, and our own inpatient dialysis facility, were cultured at sites that yielded Halomonas from our RCC, and Halomonas was not isolated. Further study by 16S rRNA gene sequencing and DNA-DNA hybridization revealed the cultures represented 3 novel species: 1 (H. stevensii sp. nov.) in the patients and environment and 2 (H. hamiltonii sp. nov., H. johnsoniae sp. nov.) in the environment, most closely related to H. magadiensis. Of 35 speciated isolates, 22 were H. stevensii, 10 H. johnsoniae, and 3 H. hamiltonii. We hypothesize that the RCC became contaminated with these halophilic organisms from bicarbonate used to prepare dialysis fluid, and they persist despite cleaning and flushing procedures because of biofilm in machines and bicarbonate fluid inflow sites. Our experience, together with the review of the literature presented here, indicates the genus Halomonas has pathogenic potential.
INTRODUCTION
T he Renal Care Center (RCC) is a separate building at Santa Clara Valley Medical Center (SCVMC), and has 26 stations for dialysis, serving up to 4 patients per day per station, and a population of È200 outpatients at any time. This results in almost 2500 outpatient dialysis runs per month. In May 2007, an apparently identical Gram-negative rod in pure culture grew from blood cultures of 2 dialysis patients. These organisms were nonfermentative by standard Microbiology Laboratory screening, and could not be speciated by these methods, including supplemental identification systems for nonfermenters. One patient had 2 blood cultures, drawn 2 days apart, with the organism. These cultures were obtained at the time of dialysis as surveillance cultures, as follow-up to apparently successful therapy of a previous episode of bacteremia with identified microbes different from the bacterium presently of interest. The second patient had 2 blood cultures positive the same day, 2 days after the last positive culture of the first patient. The cultures of the second patient were obtained because the patient had shaking chills, without fever, during dialysis. Both patients were treated with broad-spectrum antibiotics. The second patient had chills during dialysis again 2 days later, but both patients had uneventful recoveries. Blood cultures obtained after therapy in both patients remained negative.
One isolate from each patient was submitted to reference laboratories, which, utilizing the Biolog system (Hayward, CA), identified the bacteria as identical and as Pseudomonas bathycetes. 19 Taxonomic information obtained from 2 reference sites indicate that ''P. bathycetes'' is presently regarded as a Halomonas species or as H. salaria, though these assignments have not been accepted by most taxonomic authorities. The reported biochemical properties and morphology authentically reported for H. salaria 11 differed in numerous respects from that observed during our workup of our isolates. Sequencing of È1500 bases of the 16S rRNA genes (rDNA) in both organisms in 3 reference laboratories confirmed that the 2 isolates were identical, and, by Basic Local Alignment Search Tool (BLAST) searching of 3 databases, a Halomonas species. There were then 54 recognized species of this genus, associated with marine or saline environments. 
METHODS

Environmental Search
In the initial environmental cultures we attempted to exploit the salt-tolerance of Halomonas by using a 6% salt agar plate or initial incubation in a 6.5% salt broth enrichment culture with subculture to agar. Growth of the plates in 5% CO 2 was slower than in room air, and sheep blood agar plates likewise were modestly superior to oxacillin (6% salt) screening plates or MacConkey agar. These methods were successful in demonstrating the cream-to-white, oxidase-and catalase-positive colonies seen in the blood cultures ( Figure 1A ) only from sites not heavily contaminated with other organisms. A more selective method was developed for samples suspected to be heavily contaminated with other organisms, which used the strategy of increased salt concentration in a broth enrichment culture to exploit Halomonas halophilicity further, and thereby inhibit other organisms. A range of 6.5%Y20.5% salt concentration in broths was tested, and we found that a 16.5% salt concentration in brain-heart infusion broth was optimal enrichment before subculture to agar. The optimal method for isolation of Halomonas was found to be vortex mixing of a swab sample into a salt enrichment broth, incubation at 35-C for 48Y72 hours, then subculture to agar plates incubated in room air at 35-C for 24Y72 hours. Halomonas isolates produced a distinctive purple colony on MacConkey agar, which became more pronounced with increased time of incubation ( Figure 1B) .
The routine method used to culture dialysis fluids, to satisfy Association for the Advancement of Medical Instrumentation (AAMI) standards for maximum allowable bacterial counts in dialysis fluids, uses a ''paddle'' sampler (Millipore, Billerica, MA) for quantitation. Various methods were developed for culturing samples of fluid (for example, reverse osmosis-treated water, bicarbonate or acid solutions entering the machine for mixing, and machine-mixed dialysis fluids), and solutions of bicarbonate powder or salt crystals prepared in the laboratory. To avoid excessive salt concentrations resulting from the powders and crystals, a 16% solution of each was made in sterile water or brain-heart infusion broth. Volumes of each of the fluids or solutions were directly plated on agar and the remainder filtered (0.2 micron), the filter (cellulose nitrate) placed filter-side-up on a sheep blood agar plate surface, and the plates incubated. Alternatively, a large dilution factor was used when the unfiltered solutions were added to high-salt broth for enrichment. A third successful method, to enable culturing of larger amounts of powder or crystals and avoiding the process of solubilizing powder and crystals, was to shake each vigorously in sterile 0.9% saline to dislodge any externally adherent bacteria, allow the solids to settle, directly plate a portion of the fluid on agar, then filter the remaining solution and culture the filter on sheep blood agar plates.
Cleaning Methods
Daily cleaning of dialysis machines in the RCC includes flushing, at ambient temperature, the machine interior fluid pathways with 5% acetic acid for 4 minutes, followed by flushing with 5% bleach for 15 minutes, then a 15-minute wash with reverse osmosis-treated water. Once weekly the machines are flushed with Actril Cold Sterilant (Minntech Renal Systems, Minneapolis, MN)(1% hydrogen peroxide-0.08% peroxyacetic acid-5% acetic acid) or treated with 85C. The RCC has been gradually shifting to heat treatment as the routine method. The water storage tank, its connectors to the machines, and the machine inner fluid pathways are cleaned monthly by flushing with a solution of 2.4 L of 30 parts/million bleach to 378 L of water, for Q30 minutes, then rinsing to remove chlorine. Initial attempted decontamination of the central bicarbonate unit was performed by 3 weekly repeat serial applications of 6.15% bleach, Actril, and exposure to ozone 0.7 parts/million, with ozone treatment weekly thereafter.
RESULTS
Environmental Search
We searched extensively for the source of the Halomonas in the RCC. We obtained 202 cultures from the RCC in more than a year. Because dialysis machines are used, cleaned, and resume service without dedication to any particular dialysis station, our culturing efforts always included multiple machines and the inflow and outflow connecting tubing for the machines at multiple stations. In these studies, we found our methods were more sensitive for the detection of Halomonas in fluids than the ongoing routine sampling for AAMI purposes. Direct plating of fluids onto agar was slightly more sensitive than the paddle method, and filtration of large volumes onto filters was much more sensitive. For sampling of environmental surfaces, where contamination by large numbers of various organisms would be found, the use of high-salt selective media (as described in the Methods section) was essential.
Dialysis membranes in a sterile disposable cylinder are used in the RCC with our Phoenix (Denver, CO) machines. Fourteen of 15 cultures of the dialysate during or shortly after dialysis were positive for Halomonas, as were the dialysate side of the membrane (after use), and 10/38 cultures from the inflow pathways from the machines distal to the cylinder. The latter included drainage tubes and the receptacles collecting from such tubes along the wall (Figure 2 ). For cultures of the dialysate, we found that sampling from the intake side of the dialysis cylinder was more sensitive than sampling from the effluent side; sampling after 4 hours of patient dialysis was more sensitive than sampling at the start of dialysis; and sampling late in the day was more sensitive than sampling early (shortly after daily decontamination of the machines).
In addition, we cultured the waste handling option ports (WHOPs) on the machines. These ports are used to dispose of the sterile flush solution used to clear bubbles and residual chemicals from the interior (patient blood side) of the dialysis membrane, and tubing connected to the cylinder, before the priming of the cylinder and tubing with the patient_s blood prior to dialysis. The ports lead to drainage pipes, enabling the flush solution to exit the RCC. Seventeen of 31 cultures from our WHOPs were Halomonas-positive.
The WHOPs results aside, the 15/16 positive dialysate and membrane cultures plus the 10/38 from outflow pathways represent a final common outflow pathway for dialysate fluid components mixed in or arriving proximal to the dialysis machines. To locate the source, we directed attention to the inflow side. With 1 exception, we found 0/31 cultures from the inflow side to contain Halomonas; these sources included the wall water FIGURE 2. Fluid pathways, as discussed. The cylinder labeled ''4'' contains the dialysis membrane, surrounded by dialysate, and in its core, the patient's blood. The blood-filled tubing (not labeled) entering and exiting the cylinder is connected to the arterial (to cylinder) and venous (from cylinder) vasculature of the patient. supply, the acidic fluid supply, NaCl in bags or brine, the reverseosmosis apparatus that balances the water system electrolyte content, and associated tubing and connectors (because of particular concern about biofilm). The exception was sites associated with or downstream of the bicarbonate influx. Of these cultures, 12/54 were Halomonas positive. The positive sites included tubing leading from the central bicarbonate fluid mixing/storage tank, the bicarbonate port at individual stations, and the fluid exiting these bicarbonate ports in tubing leading to mixing sites within the machines. However, the most proximal bicarbonate sitesV bicarbonate powder, bags storing the powder, and fluid in the bicarbonate mixing tankVwere negative.
We took 23 cultures of possible environmental sources (health care worker hands, lotions, sinks, work area, etc.); only the hands of 1 nurse were positive for Halomonas. We found no particular geographic associations with any machines or sites within the unit, not surprising from the positivity of the bicarbonate pathways proximal to any stations or their machines. However, of interest, the 2 index patients had been dialyzed at the same station, on different days, at the time of their positive blood cultures.
Controls
Inpatient dialysis at SCVMC is performed in a dedicated room in the main hospital. The unit was cultured for Halomonas at sites known to be Halomonas positive in the RCC, including the bicarbonate inflow and WHOPs, and Halomonas was not found.
In addition, cultures were obtained, using the same methodology, at 2 local hospitals that had dialysis units using machines of similar design to those in the RCC. Sites were cultured that were known to be Halomonas positive in the RCC; none was positive.
Of note, the SCVMC inpatient dialysis unit, which has nephrologists, some nurses, and the external water supply in common with the RCC and similar machines, does not constitute its bicarbonate solution from powder, but uses commercial sterile bicarbonate cartridges. The other hospitals_ units have different configurations to constitute and supply bicarbonate solutions to machines than does the RCC.
Halomonas had not been recognized in any SCVMC patient cultures before or since the blood cultures from the 2 patients previously described. However, all RCC patient cultures from 2000 to the present were analyzed for unidentified organisms with the same morphology, biochemical patterns, and antibiotic susceptibilities as the isolates identified as Halomonas. Only 1 possible match was uncovered. In January 2006 a patient developed a fever postdialysis, and blood cultures were negative. Eight days later she developed chills postdialysis, and blood cultures yielded only an organism with the characteristics described for our Halomonas isolates, identified only as a nonfermenting Gram-negative rod. She was given broad-spectrum antibiotics and responded. Subsequent cultures were negative. The bacterium was not saved, preventing current speciation. Of interest, she had been dialyzed at the same station at the time of her positive blood culture as the 2 index cases a year later.
New Species
Fifty-eight of the 202 RCC sites cultured, in addition to the 4 index patient blood cultures, yielded Gram-negative rods with morphologic and biochemical characteristics noted for our Halomonas. A few sites yielded colonies differing in morphology, smooth versus rough, and variations thereof. Thirty-five of the 58 isolates were studied further by extensive sequenc-ing of the 16S rDNA 9 and DNA-DNA hybridization. 20 These studies revealed that the isolates comprised 3 novel species of Halomonas, whose systematic bacteriology, taxonomy, and genetics are described in another report. 12 The authors of that report 12 also forwarded the type strains of those isolates to a reference culture collection, naming them H. stevensii (22 of our isolates, including a blood culture from each of the index cases), H. johnsoniae (10 isolates), and H. hamiltonii (3 isolates), the latter 2 species found thus far only in the RCC environment. We found H. stevensii oxidatively fermented glucose and maltose but not mannitol, whereas H. johnsoniae and H. hamiltonii oxidatively fermented glucose, maltose, and mannitol; all 3 produced urease, but H. johnsoniae was urease positive only by the Selective Rapid Urea Test and not with the other test systems. More extensive biochemical pattern definition of these species, and the phylogenetic relationship of the new species to previously identified Halomonas species, have been provided. 12 Our own antibiotic susceptibility profiles, obtained by automated microbroth dilution methodology with the 3 type strains, are shown in 
Eradication Attempts
Attempted eradication of residual contamination from the bicarbonate central delivery system was performed as described. After that, we were no longer able to grow Halomonas cultures from the tubing connected to the central bicarbonate tank, the bicarbonate ports on the walls at each dialysis station, and the fluids draining from them into the machines. However, at that time the efflux from the machines to the cylinders, to provide dialysate, remained culture positive for Halomonas. Moreover, the latest series of cultures from the bicarbonate supply to the machines has become Halomonas positive again. This suggests persistence, likely in biofilm, in the inner machine pathways and in the bicarbonate pathway. Second eradication efforts are currently underway, in this instance applying ozone 0.7 parts/ million thrice every week to the bicarbonate tank. To date, only an initial test of the efflux from the machines has been completed, and a reduction in the frequency of cultures positive for Halomonas has been noted. The bicarbonate fluid supplies to the machines are to be tested, but clearing of these again would only suggest source control, and necessitate then an aggressive regimen addressing the machines themselves.
DISCUSSION
We hypothesize that the RCC became contaminated with these halophilic organisms from bicarbonate used to prepare dialysis fluid, and they persist despite routine unit cleaning and flushing procedures because of biofilm in the interior fluid pathways of the machines. Biofilm is postulated because it would best survive the flushes periodically applied to the machine interior fluid pathways. Support for this impression is the slime noted when the interior of drain tubing was cultured, sites from which Halomonas was obtained. Because the multiple bags of bicarbonate powder we studied after the detection of Halomonas in the RCC did not culture Halomonas, we are forced to conclude it was earlier shipments of bicarbonate that initially contaminated the bicarbonate inflow pathways and thus the RCC.
We believe the WHOPs are a special case, as they are ostensibly connected to sterile tubing and are traversed by sterile fluids when used for their function of disposing of the priming solution, and because fluids egress from them only toward external drainage in closed pipes from the RCC. Located on the outside of the machines, they are not sterile, and are handled by staff who also handle the drainage tubes and receptacles that collect used dialysate (the final common outflow pathway for fluids from dialysis machines). We demonstrated (in the Results section) that these dialysate pathways are Halomonas positive. Thus we believe the WHOPs are cross-contaminated by the staff, reflecting the Halomonas environmental contamination in the RCC, and not part of any Halomonas-contaminated inflow patterns to the machines. This is supported by the positive hand culture mentioned. WHOPs have been implicated in several dialysis units as responsible for disease outbreaks and/or environmental contamination with other, usually water-associated, Gram-negative bacteria, 1, 5, 10, 16, 22 including, previously, our own unit. 7 Several reasons have been shown to explain this association: there can be backflow from the drainage tubes, failure to consider the port as nonsterile, contamination of the ports by health care worker hands, and/or failure of a washing arm designed to continuously wash the external side of the port. 1, 5, 7, 10, 16, 22 As the port is in contact briefly, during the flushing connection, with the line that will then be connected directly to patients_ vascular access sites, there is the possibility of contamination accessing patients_ blood streams. With respect to our index cases, both had vascular access via indwelling catheter devices, not arteriovenous anatomic shunts. The former have higher rates of infectious complications, and the chances of cross-contamination are greater because these devices require more direct handling of the access site when the dialysis line, which has just been disconnected from the WHOP, is then connected to the access site to begin dialysis.
The genus Halomonas (Class Gammaproteobacteria, Order Oceanospirillales, Family Halomonadaceae), a growing family, comprises halophilic and alkaliphilic (or tolerant to these chemicals) microbes that are typically isolated from high-salt environments. Of the first 21 species studied phenotypically, all grew at pH 8Y10 and salt concentrations of 3%Y15%, at temperatures 20-CY37-C. 14 Halomonas species have 4 signature DNA characteristics: C, U, A, C at positions 1424, 1439, 1462, and 1464, respectively. 3, 21 That our bloodstream isolates, and others, 3 grew in the blood, blood culture media, and dialysate indicates our isolates can also grow in environments lacking a high-salt concentration. Some species have been shown to produce exopolysaccharides, 13, 17, 18 which would promote biofilm formation, as has also been demonstrated; 8, 13 biofilm formation could be useful for survival of these bacteria, for example, in marine environments.
Although 16S rDNA is used to help define new species, it is not infallible. 9 Its utility can be compromised by a paucity of sequences deposited in nucleotide databases, databases containing sequences attributed to tentative (not validly published) species names, authors naming their strains using already published names without verification, and species sharing similar and/or identical 16S sequences. DNA-DNA hybridization assays are the gold standard for proposed new species (values G70%). 9, 20 Our identification efforts demonstrate the value of genotypic analysis compared to phenotypic characterization, as initially the latter (or taxonomic relationships reported in the literature) suggested our organisms were closely related or possibly identical to H. hydrothermalis, H. halophilia, H. meridiana or H. salaria, whereas authentic DNA characterization showed our novel strains most closely related to H. magadiensis. 12 The absence of Halomonas species from standard medical microbiology texts indicates underappreciation of their pathogenic potential. Until recently, the only instance of human pathology reported was a wound infection following a fish bite, attributed to H. venusta (based on 16S sequencing). 21 More recently, H. phocaeensis bacteremia in 6 neonates in Tunisia was suggested, attributed to contamination from a water bath used to warm fresh frozen plasma. 3 In a study 15 performed seeking bacterial DNA signatures in unexplained deaths and critical illnesses, polymerase chain reaction of 16S DNA from culturenegative materials identified an unspeciated Halomonas organism in 1 patient_s blood. We performed a phylogenetic analysis of the sequence data, and determined this organism was part of the H. variabilis-H. boliviensis-H. neptunia cluster, but in an apparently distinct position (data not shown). We have been unable to determine if this was a dialysis patient.
Bacterial contamination of dialysate is apparently much more common than has been realized. 2 Of great concern is the finding that dialyzer membranes have properties that make them sticky to bacteria and bacterial DNA, enabling the membranes to function as concentrators; 4 and the demonstration that bacteria in the dialysate can traverse the hemodialyzer membrane. 6 An extensive culture survey of dialysates did not uncover any Halomonas species, 2 but suboptimal culturing methods for this organism may have been used. However, a study investigating inflammatory reactions, including fever, in dialysis patients found the dialysate compartment to contain bacterial DNA at times when the dialysates themselves did not. 4 Using procedures to digest biofilms, these investigators uncovered a Halomonas DNA, among others, in dialysate compartments. 4 We have been unable to obtain the DNA sequence to attempt speciation.
We hope our experience raises the awareness of the medical community to the pathogenic potential of the genus Halomonas.
